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(54) PARALLEL PROCESSING TYPE PROCESSOR SYSTEM 

(57)Abstract: 

PURPOSE: To provide the parallel processing type 
processor system such as a super scolar processor, 
etc., integrating a trap, which can be processed without 
prolonging cycle time, and a stall control function. 
CONSTITUTION: This system is provided with N (N is an 
integer) computing elements 103-106 to execute plural 
instructions at the same time, instruction supplying 
means 102 for supplying the instructions to be executed 
by the N computing elements 103-106, and trap control 
means for controlling the N computing elements 103-106 
so as to abort all the processing of M (M>N, M is an 
integer) instructions simultaneously supplied to the N 
computing elements 103-106 when a processing 
exception is generated in the case of executing any one 
of these M instructions while supplying the M 
instructions from the instruction supplying means 102 to 
the N computing elements 103106 at the same time. 
Thus, the control of the trap and stall can be more 
efficiently executed without prolonging the cycle time 
and lowering the clock frequency of the system. 
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K£*©8ffi] ifi^, ft^-Vr/l/P>fc°a-£t*f 30 
UTfc$!>ooi&5£Sfc:jS3fc©i:LTx WSB&fit 
U^frX°mmMtMm%;7>-'*-7>ft v 7°p -tr y +F3& 
SVttVL IWfcnffcfftSCPUtfMI&iSnVLS If- 
•y7°t LTH^nrt^o C©i*M^JMC PUK 
fc^Ttt, R I S C ©#**ai*W4*^-fe y htLT 

7°p-fe*y+rti\ fie*©#^b^;l/-pji*«ia*fT^R I 
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ft (3 Z\£y F) -?$>%o 
[0 0 0 5] Ell 9t^*nS<fc3t, <!©7°P-b'y9- 
i/XfAH, ilH^t&lfrf Sfe*©*^** 1 ,) 1 i: ; F 
Xr-v'T* 4 7- F^7>2"U 
U lfr5il$lC7iyf-U D7f-v ? T'40©7x7 

JtU EXf-^T^ffi^l2 0, 2 1 , 2 2&tf2 

2 £ ; 4HttU@tt2 0Stf2 1 fr&fla&ShSdMHcfiE 
oTs E XT-S?-e*ffiai3Si3S&tf* €'J7F uxft 
W**ffr*»SWia«ti-y h (ALUO&tfALUl) 3 

E ^-r-^-e»Si/JM»jSin»35*fT 3 »ft/JMBuaira*S 
(FADD) 5 t ; ffrfr#*&S2 3frP.«$g^n?^t«f 

0 t e XT-isvnih'm&mv&nzft 5 ^i^tL&s 

»g§ (FMUL) 6 £ ; ALU0 3StfALUl 4 ©tjj77Efi£oT, 
MXf->*t 2 F- x-* y * U 2 5 tcS^f L/C** 'J 
7^-bXja*fr5 ^t'J 7*t^a-y h (MAO Rtf 
MAI ) 7RXf8t \ FADD 5 RtfFMUL 6 ©HjTJfcftoT, 
*^©MXr-^©»J*jSlrJ|ElC»tt*ffll^.f-s 
■y * £ff ^ fca©3»/J*i£0Sfl.f- I'ytoh (EC 

1 RtfEC2 ) 9&tf 1 Ot ; WXx-^T'MAO 7 s MAI 
8, EC1 9&t/EC2 1 0 ©tBy^gtt?) 4 0©# t&T* 

hi:, EXf-m^7yKf-^ftS&Il 2~ 
1 9 %/M/TALUO 3 , ALU1 4 , FADD 5 RtfFMUL 6 <\** 
=>y Kx-^^^f 5fc»© 8 •o©^^^- h t 
A^64S 1 2 Ot"- F ^tt 5 v/l/fiK- F Ui^X ^ 7 

[0 0 0 6] C©H1 9©ffij^^*5^T«, MAO 7&tf 
MAI 8t t fcoT^-i>~7*-;I/F^-^-7P-ftt" 
(DS*^S^h7y7 0 ^4L, X, EC1 9RtfEC2 
1 0K«fcoT»Kj/JMB0S»*fiWi1.h7y7'3b^4-rSo 
[0 0 0 7] C©J:5ftfl»J^h5y7'KW«i-r*feii> 

u©7 , p-tr-y+f~>XfA(ctiM{c, F^>y7°M^© 
JgH^ffl1-§fcJ6©h^y7 B MHbv ; X^3 0^, h 
7 V 7°^4*? I * £ C L /c^© 7 K bX *«m<| t § 
i6© h 7 V 7*7 K UX lsi?X#3 2 t, F7-y7°S*fB 
^IS4 3~4 6^^LT^?.tl?>, MAO 7 S MAI 8, EC 
1 9Rt>'EC2 1 0fre>©b7'y7*E(H*£W\ *tiEiS 
CTF77 T'fS^* F77 -?\mm 3 4-3 8 \C7?- 
h fS^S 4 0 Rtf 4 2 UT h v «y 7°HH U>?X 
^3 0Rtfh7'y7 > 7Kl^XUi>'X5 3 2^\©A7J%iI 
Sfg££ir5, F77 7»ar.y h 3 3 t, Zm^T 

[0 0 0 8] h77 7W$1 3 4 t « F77 7°{f*t 
^fgfr^-y h 2, ALU0 3RtfALU14-\£6n, 
-75" s F77 3 5 ~ 3 8 lOSlilZ, F77 7°fs ^ 

«, MAO 7, MAI 8, EC1 9 Rt>*EC2 1 0^6 

ftZo F77 7lW»i- 7F3 3fr6©F77 7°ffi^lC 
J&CT, 3*fj*a(i<k77^3!«HWfc:i[T5n, t©»© 
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A/-f->CBBr**^7 x y T-fcHJte U c<Dbyyy° 
JQH/1/— ^fcfc^T, b^y7°Jg0bv ! X£3 O&tf 

b 5 v 7°7 F UX l^X £ 3 2 Ef&iMSftfc h77 7°H 
HS b 5 y 77 F UXtfffill S n§ 0 

[0 0 0 9] Htcf¥»cti, hv>y7°»a-7 b 3 3 

b 3 3HIK, MXr-^T^ffiUfT 
Sn^^cDT KUXcDTfu2 kT y h«<Cttj:o 10 
Tff&tlS^-FTFbX^agP^t&^-rSMXr 

-yfuy^hfivy* (mpc ) sit; Mxr-^t 

MAO 7, MAI 8, EC1 9Stf~EC2 1 OtioTlfi^T 
$n§^<D7 FbX0~Ffi2 \£ y htioT/^nS 
7- F7 FUX«f@BiJg|3^^-r§fc46C)M7.'r-v > ' 
^"7~?Xi>7 : 7hi3t?y$ (submpcl, submpc2, submpc3 
Rt>"submpc4 ) 5 3, 5 4, 5 5RXf 5 6 t l MXx- 

W-f-fvf^htiVyZ 5 3-5 6<Dpfi-ea/jN©xy 

bD£\ MPC 5 1 cDX>hU J:i*^bjnTb77^ 
7FUXUv ? X£3 2£&f&£ttS h7'y7*7KPX4 20 
2*fS£-f5;fc«><Dti#j4 7i:LTtitf]U «/h©x;/ 
b U **f 8MXf-W^n^7i*l^*5 3~ 
5 6 fcftjST 5 b 7 y 7°-g5t<it^» 4 3 - 4 6 <D 5 
1 c^/T LTiM & ft 3 h77 -?WM* F77 7*fi H 
X * 3 0 &C{tt*S£ ft§ h77 7°MH 40t LTtfJTJfS 
h77yf-^Ma-7 b 5 7*fi*TVS<, 
[00 10] CCT, h77^S3 4ttett« h7 
y 7Wti h77 7®Rfi^3§ 4 3-4 6 ftfr 1 

y7°ff*f3 5-3 8tt, h9v^S*ffl^*4 3-4 6 30 

-77u?7hiiy># 5 3-5 6<D 10#\ bvy7*g 
^SLftMXf- > ? -9-77°a^^A*7y^3 5- 
5 6 O -5 1 b D 

[0 0 1 1 ] 02 Hi0 1 9cD7°n-t>y9-^Xx AlcJ; 
oT^frSns^P^AW-fiiJ^-rH-efetJx 02 
2(4, ±SBOfie*Ob5-y7*SI»*ffi*fflt^Hl 9<D 

0 2 I cD7P^A^HfT$nfc:B#t TloadJ t^T?^ 40 
- 5*7 * —)]/ 1ttt<omftfflfc%7frt fe 05 T* 

d , ^»s»tt7#- h *nfc*^*^-r. 0 2 2 \L 

I±gf7<DMT$HCn+2 #a<D TloadJ ^©iffia*) 
h77 7°*^^ L /£ £ t\ f^#*ftfn+2 iD^t^fr 

[0 0 12] 

SftftfcOF^'yT'fflffl^fcfc^Ttt, C+3 

IttfMAl 8fc±^T^-$?7*-;bbtft*tliSftTb 50 
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7 v 7°S*^ h77 7°S5RS 4 4 t T^£ftfc * 
b 5 y y'tB^m 3 5-3 8 fcfcttS h77 7°fg^« 
MXf--> ? -9-77n^^A7j7y^ 5 3-5 6tcfc-lt§ 
x> b UtfS^KJtKSnTHntfHftJ: 

9A**n&trti t>ft<*3fc«>fc*py 

[0 0 1 3] X, RISCtt, Wif-^/Uao'lS 

I S Cf-^^X*tt5X- ^-XAvT'P-trytf-© 
x-^^Xtt^SH^THi^l^ X-^-X*^7 

Z> WW- 1 if i£tl § X <D®M<Dtc fccDM- F 7 x 7 
^^mt^$6tc^ t) , ^©i 3 F7x7<DKI+^ 
£ BS lB*E-r * ft k:. :o<t^A-K^x7tf 

x-^-x7Jv7°p-fe v ^-(ommcmf^ u 

[0 0 14] *»lfltt, ^cD«ft^*Sffi<DiSll^|i|?^ 

c t ft < JESrartlTf, ^f-A 4 ^ n y ^H«» 
<0®T*B5*f 5 ± 5 ft h 5 y 7°Rtf X b -^IHWMI« 
X-^-X 73 5 7°p -fe y ^-^©M^iJ^SS 

[0 0 15] 
[0 0 16] 

Rn^ff^r«N« (n«8») ©ai»s4:, ttmmv 
afr6WENflflDaaHSK:nififh:«ttftsn» cneM<@ 

«ojiw»*ffl»'r 5f77 -fwrn®. tzmz-fczt 
[0017] x, *mmmmmm-7uKv*fi/7,T 

ixO*JI»?ffittN«oa0l»Ji:Mfli (N^M) O*** 

raw t fti&f wf?^i, cne. Mfflo^^o* 

WENfioawg^lW*h:«f&*nfeMI5MfflO* 
^<7)®II^^T 7 b t ?. «t 5 CMjE N fa<D^g§g^ 
W»f § Xf y 7°i: & c fc 1 5 D 

[0 0 18] 

*lWBKRI«PlCtt»«nfcM«fl[M(|r*OttiO 1 OJ.^±(D 
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Hftfr 1 OT-tW^fg^LfcSMfBtD^frSr-f ^T7 
jK— F LTO S rtOSaa^-f-y^-rV X-^-y ft 3d 
4:lc<};D, W^iI©fc&©M-F7x7tffg*ft:£ft 

So 

[0 0 19] 

[H»J] «T, 12lfr5,SI3£#BaLT, 
3M?iJ®l|tf7°n{:>y^>'Xf AcDfg 1 <DH»iJ^I¥iffl 10 

[0 0 2 0] L©BioM(t *^U^;I/TM?iJ«ia 

FXf-i>' (7i-vf) , DXf-i 5 (fn- 
F) , EXt-^* (*ff) , MXf-^ Wt'J7^ 

/WT^-T^Xf-S^fe^ &4H*©S*tt 1 7-F 
ft (3 2l£<y F) 
[0 0 2 1] <KDHlHJfi0iltC*5(/^T«, ilt^tJ: 

T'n-try+J-S/X-f A«, dM**tfrtM"*fc»0* 20 
'J 1 0 1 t ; FXf-^47-F/^^V(D 
4oo^^t'J l o lfr£lR|fl^c7x<yf-U 
D 7Jf— 9 JH 4 9©7i7 f-*nfc#*H07*— *tt* 
nfltfttfWfP«St#BBff*#*b, E Xr->*T^« 
»1Z0, 12 1, 1 2 ZRtf 1 2 
%^*&m-?%rclb<D-?2>tiilfinft3--v F 1 0 2 

; Hr^ttiew 120M121 *^ffit&tn«i(^t 

fto T\ E ^r-S?TJWBHP®«i&tf * *U 7 K UX 
ltI^ilTt«Miiifa-^ F (ALUORtfALUl) 
1 0 3Rt>" 1 0 4 t ; titfHft&M 1 2 2 *»6fltte*h* 30 
ifiMWtfiEo T E XT- ^TSft/I^jSft«»*fT a r¥ft 
/J^fcjfttalHB (FADD) 1 0 5 4:: fiiH*08&* 1 2 3fr& 
T E Xf->*ti¥l'J^JiS 

*fT5»»/JMBo5£W8 (fmul) 10 6 4:; aluoi o 3 

StfALUl 1 0 4<DfcH7J£fiEoT, MXf->*T*2^-F 
t-Z^^V 1 2 5 tW-rs^tUT^-bXSDa^fra 
^^U7^-tXa--y F (MAO RO'MAl ) 1 0 7Rtf 1 
0 8 4:; FADD 1 0 5&tfFM0Ll 0 6 ©tHfttCfiEoT, # 

t%ftofc&(D&m^m£Mft3-^v?=L-'yh (EC1 40 
RtfEC2 ) l09Rtfl 104:; WXf-^T'MAO 1 0 
7, MAI 1 0 8, EC1 1 0 9RtfEC2 1 1 0<Dffl*J*£ 
1*3 4 0<D»*a*Jj«- F 4:, E XT->*t*^7yF 
7 s - 1 12-11 9£ffLTALU01 03, ALU1 
10 4, FADD 1 0 5 RtfFMUL 1 0 6^7>Ff-^ 
3fcfc©8O0R#i&#2j?-hi:a»SftS l 2 
©'f - h^ttSV/bf h 1/^X^7 T'f;!/ 1 1 1 
4:, £flt3.Ti/^„ 

[0 0 2 2] ©*jSfc:fel/''Ttt, MAO 107R 

tfMAl 1 O 8 (C<fcoT^- S?7*— ^h^*— 50 
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-^4f£D^«g|^!l^F7-y7 0 ^St, X, EC1 1 0 

9&tfEC2 1 1 oic^^mm^^mw-mnbyyf 

[0 0 2 3] £©£5&WF^y7 0 £ft©1-§/ci6 

H*1ftM^Sfci&©F7v7*ISBU5>x* 1 3 0 4:; F 
7 -y 7°tc «fc o TUfrtfifiSf S ft T 3 t?* t 'h* 
V>7 Kl/Xfcfrf 5tfH*©7 FU*£ftlfrf 5fcfc©7 
#-F7FbXL->*X* 13 14:; h9v:7IB£*£C 
Lft*^D7 F UX%*g*flt 3 /cJ6© F 5 '7 7°7 F L>X 
b^X* 1 3 2 4:; F =7 V "fEStiSGMk 143-146 
^/rbTJM^fti., MAO 1 0 7, MAI 1 0 8, ECl 10 
9&tfEC2 1 l 0fr5©h7'y7'I8H*£«\ *nt(S 

-Ft, -73> ATOMl 4 0, 1 4 lRtfl 4 2^/rL 
Th77 7°MH U-i^X £13 0, 7#- F 7 F UX WJ 
X*13 1, h777°7Kl/Xl/^X^ 1 3 2^\<DA73 
*3ftt8£i£-e5 h5v7*J»n^«v hi 3 3 KM 

[0 0 2 4] h^-7 7°fg^Sl 3 4fc*ittS F7'7 7Vl 
^fSff^-y M 0 2, ALDO 10 3, ALU1 1 0 
4 , FADD 10 5, FMUL 1 0 6 , MAO 1 0 7 , MAI 10 
8, EC1 1 0 9RtfEC2 1 1 0'v&^&£>ft3o F^-7 
7°*ijfflla--y F l 3 3fr5fiDh7-y7WfcJSi;T\ ^ 

yx-r-v ? T^fr£D®H^7#'- FtS-#, tlrtHSff 
F 1 0 2tt^.J6S*e>ft/cF^-7 7°jaa;l/-^> 
tHt §^7 1 y f-*M» U cof7 -7 7°MH;1/- 
f-MCfcl^T, F^yTTOU-v'X* 1 3 0, 7tf-F 
7Fl/Xl/v f X^ 1 3 1 Rt»7>7 7°7FUXlxi>'X^ 
1 3 2K*^«rtft*nTV* Fv'yTKE, 7#-F7 
F UXStf h77 7°7 F U^*MSMSn*. 
[0 0 2 5] gtcpffllca, h?V?M®3--V F 1 3 
3«0 2lC*?ft§J;d^1«^ ; &bTI/^„ h 
7'7 7°SiJfflIa->y h 1 3 3 MXT-^T-gtftll 
fT^ft?>#^©7 FUX©Tfi2e<y b%ffi<Z.tfc£ 
i Tt#5 ft 3 7- F 7 F UXoaaWKi-fclMrt* § M X 
f->7n7*7AA77^1 (MPC ) 1 5 1 4: ; MXf 
-^T^S^ff$ft5^©^-S«fe^$^7FUX* 
3^07FlxX©T{it2 e>y F£<fcoT^£ftS 
feO-pSoTMPC 1 5 1 cDx>bU4:ffi^t>?ftT7 
t>-h7HUXl/v f X^ 1 3 1 Icfft^ft57#-h7 
F UX£fg£-T § C 4: tc&3 7- F7 F I^X©M'» 
£t&ilfrf SMX-r— v ? 7 , D^vA7j7y^2 (rape) 1 
5 2 4:; MXf— v'TMAO 1 0 7, MAI 1 0 8, EC1 1 
0 9Rl>*EC2 1 1 0E<t-3THftHfT*ftS#^©7F 
UXCDT{u2 1d 1 '7 h fc«fco TiSSti* 7— 
iB» § t § 46 <D M X f - S^U- 7 7°n ^5 A * 
(submpcl, submpc2, submpc3 RtJ : subnipc4 ) 1 
5 3, 1 5 4, 1 5 5&tfl 5 6 t ', MXf— 
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n^A* 1 ?^ 1 5 3~1 5 6 <DfpT*WL>b<D^y FU 

mpc 1 5 \<d^>}-v tMfr&frZHxbvyfr 

FUXU^X* 1 3 2{Ctt*&*tlS F7>y7°7FbX 1 

4 2%9£±T5rztb<Dmj3 1 4 7tLTffi;DU S/Jn© 

xy hy%#t-5MXx-^W7W^A#7>'£ 1 

5 3- 1 5 6fcftj£-r3 h7y5l*jStm 4 3-1 

-yT'Jg'BU^X* 1 3 0 KWtottlS h7-y7°MH 1 4 
0 i: LriUAf 5 h77^f-^£)Sazy h 1 5 7 
£ ; h^-y7lgH£F^y7W{l^i§U 4 3-1 4 6 10 
<D^?nfrl^frt,%lfrc£%lz7V<-bi£ti5 b7V 
TWt* 7°ffi^ 1 3 4 KM LT?g£T3 b7V 

[0 0 2 6] 0 3B, 01CD7°D-t-y+l->XrAlC^tt 
S/U^^^Mtfe^T, MGH2 lO^n^A 
A^fiSnfe^t TloadJ ^T^-v J 7*-;I/h^g 
c o ft ±i£©itfft»M L46-T&© ttffffiftid: 
7tf- h ^ n/i^^^-To ^3fc5Vf <fc?£, 01 © 
1? 1 HftffllfcfeVTtt, 7°n^viHtfOilffff 
#g© TloadJ ^©HmciD b^-y 7°2>%Lfct 20 

#-h*h5, 0 2 2£jssft3^©J&&£it«"rs 

7#- h Sn3f^©»jBH£#©«£©#jb^a^ 

&t^, Kt^fc «t -5 h -7 -y 7° 

fcflBTt § ttHtf&Stt fc» £*©*£©## 

co*i*«w±»)^*;M*nii^ft<«:o, nmat 
com i nasffli©^a*^s< *s. 

[0 0 2 7] ±!5PL<SMI3"f Sfc, H3K^Stt3/< 30 
^7°7-fy^m\C^X. n #g, n+1 #g, n+2 #g 

A^tK n #g© TfaddJ ^iftOl^TOMXf— 
StfECl 1 0 9T?frfrn, n+l #g© Tadd J JHtO 
t^T©MXf— i?9BMffm 1 0 7TiTton, n+2 #g 
CD TloadJ MIKCOl^TCDMXf— ^H^MAl 1 0 8 
Tfffrif-U n+3 #g© TfmulJ SIMfC-Ol/^TtDMXf— 
i/ffii!MC2 1 1 0T*fTfc>ft£ o C^+M^C+3 fcfc 
t/^T, ^-> ? 7*-;l/h*niAl 1 0 8TtfcffiSft;fci: 
£, MAI 1 0 8 tt h77 7l*(afl 1 4 4 *MT h 40 
^y-fmm^-y b 1 3 3\Cl—i?7t— ;FF b7v7 
V>W&k%hQ<s>. ClT\ £©+j--f^;K+3 £*5l^ 
T, MPC 15 1 B, MXf— ^-eiiS^T^nTI/^n 
#g~n+3 #g©ffjtf*©T{42l£'y F*ft^fc7-F7 
FUX%*gfflU mpc 15 2l±, UXy—V^WSMu 
£ftTl^Sl^'M|/h©7 KUX*W"j-5n #g©lfrfi 
©Tffi 2tT7h 7- K7 F UXfctelft LT*J t) , 
£©*§£- C ;fU J OT?fe<l> 0 — 7k submpcl 1 53, subm 
pc2 15 4, subrapc3 1 5 5 Rlf submpc4 1 5 6(i, MA 
0 1 0 7, MAI 1 0 8, EC1 10 9fttfEC2 1 1 0©# 50 
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Z-emEnfiZnT^Sn+l #g, n+2 #g, nfIS 
tfn+3 #g©#^r©Tfu 2 tf-y b%:&M^?7~ F7 F 

[0 0 2 8] b^vfm^&^-vbl 5 8ti, 

y 7°S3RfI^IS 1 4 3- 1 4 6 ©V vf frfr^ h 7 >y 7°^ 
jfctffcS 1 £, h 7 V 7°imm 1 3 4 CD h 5 -y 7°<mz 
7-9--F-T5. hv^TWHH 3 4£:}3tf37+j— h 
£nfcF^7 7°*B^&> M 0 2, ALU0 

1 0 3, ALU1 1 0 4, MAO 10 7, MAI 1 0 8, FADD 1 

0 5, FMUL1 0 6, EC1 1 0 9&.tfEC2 1 1 Otffil^ 
ft£cDT\ cmP.cDa->y F klfcn+^MStf 7#- F $ 
ti3£|W]B#t;:, ^SffrL-y h 1 0 2«^i6^J65,n 

F 7 v 7°»F-^ y tc m? 5 f&^7 x -y ^£&i6 

•So 

[0 0 2 9] llT, F777 , r-^t^7H5 

7 # f v v -mmmu \ 4 4 k. f 9 -y 7°s*^^(±!-r 

Si:, d « F 5 'y 7 < "S*fs^^ 1 4 4 \Z ttJSf § submpc 

2 -1 5 4<DX>-HJ#\ M^l 4 7fctH**tU Ztl 
m?C 1 5 1 ©xy F 'J tMfr&t>-$ ftT byy 7°7 F 
UX1 4 2, dcDil-a-n+2 #g<Di*M^D7 F UX, 
figL, CcDn+2 S@c7)^cD7FbXt±b7-y7 > 7FU 
Xfl^H 1 4 2^LTh77 77KU7 U^X ^ 1 3 
2tC^$n5o 

[0 0 3 0] MPC 15 1 CDX> F U ^mpc 1 5 2 

oxy F y tffi*^tni§ ctfc£K> 7sP— F 7 F UX 

1 4 ltff#e.*U (l(D^-&cD7#-F7FUXT*&5n 
#g<D^cD7FUXtt7^-b7FUXffl^l 4 1 
%/TLT7^-h7FPXU> ? X^ 1 3 1 tc*g|ft£ft 

[0 0 3 1]gt, Fv>y7^5R*31ftabT^SF5 

-y -fm^m^mKimt §M7f->7n^7i*7> 

^"f"P*^©7KUX%ffijft-r5subBpcl 15 3, subm 
pc2 1 5 4, submpc3 1 5 5 RtJ 1 subiiipc4 1 5 6 CD— 3 

tMjs-r-s f 7 v 7°m#m^m 1 4 3 - 1 4 6 <d 1 -oic 
mfz>imtfb7v7°mmmnmi 4o^m-$n, b 

7v7SHU^X# 1 3 OEtelflSnSo Cl<D*a, h 
7>y7'S*(i, h77 7?*fi§»l 4 4©#fr&fl* 
ni/>5©T\ h77 7°gi}<fS^^ 1 4 4 ©fl^A' 5 F 7 V 
7*lRHffi#«l 4 0^\m7J*tih7-y7°JISHb^X^ 1 

[0 0 3 2] ilClT'tt, n #gfr5n+3 #i©^^T 
^IWIBf 1 7 x -y ^ ? n £ tflS-SM L T 0 ^ ^, 4 00 
^KtCx— ^©^ttA^Sfcfetmpc ©x> F U *^ 
Ot?ft^*&3yfe»5 5«o X, 2fflW±©b'7-y7 5 S* 
^h^-y7' , M5}<fS-i§ISl 4 3-1 4 6KfeVTttffi?n 
fctl-otti, submpcl 15 3, submpc2 15 4, submpc 

3 1 5 5 S.tfsubmpc4 1 5 6 ©rtT'MX-f-^iJSH 
tT£n3t^'*i«^cD7 F UX«rtS,ttf5 tcDcDxy b 

[0 0 3 3] COlQtWfcfc^Ttt, h7>y7°^?lfiS 
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7 F UX 1^X7 131tb77-/7HW bvX7 1 
3 2tDM^*^ST?fe5o 

[0 0 3 4] Xx Z.<r)%WA\Z.^X\t., h^v-fWM 
fS^Hl 4 3-1 4 6£DI/^-fni?$oTfe / >%< fcfe 1 

<&&5<ii:#T*t£o ffc6\ F^THS^X* 1 
3 0 t^StlS h77 7°HlH 1 4 0 Rtf F 7 7 7*7 F 
1^X1^X7 1 3 2 tte,ffl£n?> hv-y7°7 FUX 1 4 10 
Zits MXf-^Wn^AA^y^ 15 3-15 
6 108tf%x.> F U *Jt« LfclBSi: LT$£2n£fc 

£n6tt?^£&lcft£>ft^i:i*#>p>nftv\, Lfr 
U HRWCWoT, 7*U77-t?X*7#-F-r3fc 
& F 5 y 7°ffl^i^lc felt 5 x FU < Rib 6 ns 

[003 5]ffioT, EOSlftSWHcJ:*^ ->Xf 20 
AfcUBttS 7 D y ^H«»OfiT*Wtf 5 «fc 9 £> *M 
7;l«£tg;!in2-e3 c i: ft < WmviS % hyv 7T&J» 

* 5 7°n -tr <v 

SS7°n-t? >y ^7Xx A*H$f 5 c i: tfBJfli: ft § D 
[0 0 3 6] H4fr&H6*#g|LT* 
«SM5»JfflaS^n-fe y -9" S/X-r AOS 2 ©H»Jtco 

[0 0 3 7] ccDffi2^fifi0!Ui, ±3iOSlHWJOJS 
m Tth *) . CTFOS&fr 6x mi H»J<D 7°$« 
fll&fcin*., Mfc, xF-;MWWMI*fi»ii/u^feo 30 

[0 0 3 8] WS, Slil»^fA^lt, 
EH^-f J>7£, $/7fAtfM£, ^7,^/1- LT^ 
t+fr^a^t'J 1 0 1 AS.tf 2 3K-hr-*3r+y 
•>a^'J 1 2 5 AtSaH^ftlSjl-O^tU 1 6 1 t 

I /OSB 1 6 2 £Z^ts£ 7 CLftl^ t-77 7°$iJ 
ailfcttTtt h77Mfit5*^$5. F 77;1/ 

I /0 U$?X$t*jH!teA/T?^8 I /Ogfi 1 6 2 
•Z?&5o COJc^ft I /0bS>X7A©77-fc7«, I 40 
/0 U^X7<D7 F bX^ff^-T 5 7 t'J7 7 -feX^ 

^7^-^^I/Ogfl 6 2tSSSf Sfc46t i/o 
U 5>X 7 <Z> 7 r- 7 7 * 7°d -fe t jSf fc * 4: C JB 
l^&ft, 0B*tf l/0«|ll 6 2<D7r-77£F#i&iA 
tyfc#c7377-feXiaSDT, yp-b^^llMT' I /OSH 
l 6 2^Xx-7X£K&&/ufci:£tC77-- 7XU^ 
X7^^£t-5=k9ftff^T\ I /0bv i X7©rt^mi 
£g*TLS5 7^7°<DI/0l^X7tf;!53o 50 
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[0 0 3 9] ^<Dct9ftI/0SBl 6 2*fiMf5« 

v^XfAT'tt, J£CF©.fc 5 ftlHgfcltffif £ deleft 
§ 0 dOS/X-rAlcfel/^Ta^ 20<D7 J &U77 

-tX^^H^ff Rlt£ft J: 5 ft 2 F x-*** v 
z/a.^'EV 1 2 5 AKOt/V£\ 2O07^tXa--y F 
1 0 7&tf 1 0 8AW6nwS, f^T, 7*0 7 
7-trxax«y M o 7Rtf l 0 8k:^^ 2001/ 

o 7 ^txWM7f->ic ra^icsBtr s i§^^$ 

Xll 6 0 10©»LMl/>OT% 2OOI/077-t 
20CD I /077-fe7^cD5^©«ffl(D 1 OtDffl. 

atov^T(±2#io i / /077-bx#^o5aa*^s 

SttKl I /OSft 1 6 2©fl|T*^7UT^ftttntf*6 

ftl/\ 

[0 0 4 0] SKDiaft^tfe^T, 2#@<DI/0 
77-bX^Offiil^v^7X7-ft4fO^W7b^t?)Rr 
tltt*%So ^cDioftil^ Li'X-r Atf±IBS 1 
HSffif !l (Db^y •/MMfflfe Lfrm^W&^t. STjO 

I/077-bX^^7^-h*n§ci:tft2 lo fto 
T, ii^Oft h^'y 7°5ttH;l'-9 L ^ffofc^t^<D7°n 

v^^zmmnfitztz, i/osgi 6 2011^^3 

^TtillOO I /0 77-te7ift^±**frofc:i:Jlft£ft 

ft§c C<0*&, H50OI/O7^tX^«l:, 
Xf— 7XU^X7%^ty^-e$.§i:, Xx-7Xb 

K>s «a©i/077-fex#^%sanff-rsi:ticB 

t(i^>iEL^fe£D-e«ft<ftoTL$oTV^fci6h7 
[0 0 4 1] ±|BO F v7;l/BS*Wt, DXr-i^t? 

KJ;5o ^n^, £>LDXx-:7'-£;:ftP><D 2-3(7)7* 
'J77-bX^^HI^lc2O<DI/077-feX^T^ 
SC^^UiT*tn^ ^n?>©2'0(D7 : &U77-fe7 
^*7 p n-fe«y+J-lc|RlBfMft*&bft^c:i:tc«J:oTF7 
7>l/tt»ttSCfc#ffl*«rt^ ^OSffi, I/0 77-b 
X^Ofei6f£^tc#giJft^^fflf5 C i:«:M3)<T 
§di:tft5 0 

[0 0 4 2] H4t^*n*»2SJSffiO«*K:i3V''T 

tt, tOP», «T©i^, *oj:9awai4 1/ 

[0043] sfaifc, zvmztmmfcis^Tiz, 

^^ALUOl 0 3&tfALUl 1 0 A^\\fm^^n^Z. 

F 1 0 2 AWO 1 0 3&tfALUl 104a 
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MAO 1 0 7RXIMI 1 0 8 'xlSIBf iCgt^fc £ MA 
0 1 0 7;6^^cft^c^^72ft?>^£^U7^X1^H^' 
;£:WLT^5iI^:^c&;f> 0 
[0 0 4 4] |g2 fc, SI 4 <7)«f&«:, Xb-/l«{S^ 
^MAO 1 0 7, MAI 1 0 8, EC1 10 9&.tfEC2 1 1 0 
frBX h-^SsRfl^lg 17 0^ 7 K 7 2R15 1 7 3 
^LT#^^^n57.h-;l/SU»a^-y h 1 6 3£ 
S^-a-A/efeD, C ©X h->l$m=L-v h 1 6 3 test 
alllfs^l 8 0, stal 12^1 8 lRlfstallvl H^r 1 10 
8 2^^^tfa- >y M02A, ALUO 10 3, ALU1 1 
0 4 , FADD 10 5, FMUL 1 0 6 , MAO 1 0 7 , MAI 10 
8, EC1 1 0 9, EC2 11 0Stfh^77°$iJiIa- y h 

[0 0 4 5] stalllff^ 1 8 0(i, MAO 1 0 7, MAI 1 

0 8, EC1 1 0 9K.tfEC2 1 1 0 (D^f ftfrfr5>cDX h 
-)lWMt) % &Z>t%7y--h2n, stall2{f^tl 8 1 

MAO 1 0 7, MAI 1 0 8, EC1 10 9RtJ : EC2 1 1 
CKD^-fftfrfrlbCDX h-Jl^tf&ZtZTV-bZ 20 
ft, -^stallvl fg^f 1 8 2«, MXr-^OMii^MA 

1 1 0 8Vm^n^nXl^^<D7V\y7,<Dl : &.Z 

[0 0 4 6] £ ft £<Dstal 11, stall2Rt/stallvl \m 

1 8 0-1 8 2£D{(M#oT, C<D^7,xAtC*5lti)^ 

[0 0 4 7] ( 1 ) ALUO 1 0 3JWMA0 10 7 <DsW? 
V-<y< 1 0 3, 1 0 7> : 

(a) MXT->ltfWXf->" : stall2f§^ 18 1*^ 
^-F-T&fttf, stalll^ 1 8 OKH^ftOVTv 30 

[0 0 4 8] (b) EXf-v' : staling^ 1 8 
-hT?fcfttf, /U^^VWfTdnS. 

[0 0 4 9] (2) ALU1 1 0 4Rtf'MAl 10 8©/U7° 
7>fX1 0 4, 1 0 8> : stalll^ 1 8 Otf-T 8 - 

h-efeft«\ /^7^>MWTfcft3 0 

[0 0 5 0] (3) FADD 1 0 5 JfctfECl 10 9O/W7" 
=><<y< 1 0 5, 1 0 9 >S.tfFMUL 1 0 6K.tfEC2 1 1 
OiD^-l'^-fXl 0 6, 110>: 
(a) MXr-vWWX-r-^ : stalllff^l 1 8 Otf- 40 
y-hTfeft(f, stalllff^l 80t»<^-{77 

^y^a^if^ftSo 

[0 0 5 1] /KT^y^ilSX, stalllfl^l 8 0 
#7^- Y X°h <0 stal nm^-?- b Xh-oX, stal 
lvl fg^-1 8 2t>\ EC1 1 0 9RtfEC2 1 1 0<D&41C 
te^XM7.T-V<DmW$MWn;hftX^^%<DT\iL 

2 tf>y b£:f&,ffl-f £submpc3 1 5 5&tfsubmpc4 1 5 6 
©#4£D7C#WI£^LT^3tl^CfTftft£o 

[0 0 5 2] (b) EXx-v 5 : stalllfg^l 8 Otf~V 
-M?£fttf, /^7°7^>®S^Tt>ft§o 50 
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[0 0 5 3] X, CCDi§2^j5S#!lfc:33^Tti, mpc 1 5 
2lC*&ffl£ft£ffiiic:ft?>stalll, stal 12Stfstal lvl 
mm 80-1 8 2 £D{Bt$oTJ-XT©lf lc$£2ft 
l.o IP'S, stalllfl^l 8 0#7-9"- h£ft&^£:t, 
mpc 15 2lCii, EXx-^THtT^ftfc^^Oft/h 
TKUX^D-F^ft, stalllfa^-1 8 0RCFstall2ffi 
^1 8 1 <Dm~f3t> % 7*f-y£ftZ>t%\i., mpc 1 5 2B 
ffiOfifcfcSJrrStf, stalllff^l 8 0#7^-E-£ft 
5^stall2ff-^l 8 Hm&Ty-bZnK^tZlC 

mpc 1 5 2tastallvl ft ^ 1 8 2K£oT^;£ft 
i,ffitfa-F£ft3 0 

[0 0 5 4] fifoT, C0^2HIi-ptt, MAI 10 8 
^tfr£Xh-;bg*#£ftfcf, /W^Xl 0 

3, 1 0 7>ojs!i^7u ^ama^ftr^-g.^ 

cDTKl^X^MAl 1 0 8T-cDf^<D7FbXJ;(?/h£^ 
ttO*, /^^7^X 1 0 5, 1 09>t<10 
6, 1 1 0>O^^cDMa^7t§o 

[0 0 5 5] tOISS, 5glRffm2 I/077-feXifr 
^[S|B#tMA0 10 7RtfMAl 1 0 8 IC&^gt^/c t 
^, MAI 1 0 8 «X h-;l/S*^X h-;l4iJfP:i-y h 

1 6 3lZtfitlTZ>£)\ MAO 1 0 7 t±, l^D-y^-tt-T^ 
;WKrtT? I /07*^XMS£^7£#S©;WWe 
ftt^PlD, Xh-;l/g*^tti7jL*t/\ ^LT, EC1 1 
0 9RI/EC2 1 1 0tXh-;bg5t<^ffi^L^^Bt, st 
allHB^l 8 0<D*^7-9"-h$ft, stall2ffl^l 8 2 
«7-9"-h$ft^l/\ ^©£5&i§£, /U77-T>'< 
3 0 3,1 0 7>(i®a^jlJ6e»ft, mpc 1 5 2 KB. 
stallvl 8 2<Dffi#n-K£ftT, ^Xf-AOft 

ft!#2#lcD 1 /07^-feX#^Tct"9mI©^* ,i llff^ 

[0 0 5 6] ^ftift, 2#g(D I /077-feXf*MHCO 
^Tt?iJ^«L-fci:tl?fe, «W© I/077-trXffr 

^mmm-zftr^* fte, ^77-r>< 104, 

I0 8>o£asi:, 2#B© I /077-fex^J;D^: 
£l>7 FUX>gr#-r§^K'OV^T(D/W7^7>(0$a ; 
stalllff^f 1 8 Otf-f-blcftZmxb-)^ 

ft§o 

[0 0 5 7] 1 ^D-y^-9-7^;Wrtt I /077-bX 
©H^T^^^O^RltgTfeSfctoKMAO 1 0 7 A"! 
Xh-^S^^tti^l-^^tttt, i»I/07^i; 
X^^7UTstall2{S^- 1 8 lA^r.y-ht^§f 
T\ stalllfs^Rt>*stall2fS^l 8 2^7^-h^ft§ 
(DX\ itO;U7'7'f>ti7h-;^M„ 

[0 0 5 8] EI6&, |g|4 07°n-(:-y^$/X7 : -AtCfctt 
i.^W7"^-r>5n ! iI^$3^T, ia5£D7°n^A*Mf 
LfcB#tn+2 #gO Td-KJ ^TvUl7-^C 
ofc^(D^T«?«^-rfeO-C$>ii 0 H6tC7K$ft5 
<t9(C, COlEI4cD^2llWJlC*3l/^Ttt, XF-;H 
*^-9--r^;l/C+3 fcfc^Tn+2 #gcD^<D^Ttio 
Tfg^-T^^t, EC1 1 0 9Tlffrft3n #g© Tfad 
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dj SaiitCO^T(DMX-r-v''Mli&t>"MA0 1 0 7T'ff 
foft5n+l #g© Tadd J ®If ^^©MXr-S^ 
Sfi, *© , »M*;l/C+4 TttSTTStf, MAI 10 8T'© 
n+2 #g© TloadJ jtmco^TcDMXx-i^II&tf 
EC2 1 1 0T?©n+3 SB© TfmulJ SfttOI/^TOMX 

©t£©+j--r^;l/C+5 jS^ITL^V^ n+2 #@© 

t) *t 1^7 F U7.£ t, o fcflBHO**fe £TiM 

[0 0 5 9] llT% ft^OUff^tW^JWBCSBTlSI 10 

[0 0 6 0]f^t, C ©S 2 USSW;: ->Xf 
AKfcttS if P >y 7Jl«DffiTMfS «t a fc, +M 
^/U«fM*«WioS-&*ci:!!J:<«(!iTf#« h-5>y7°i:7 

^mommim-fu^y^^TsT-h^mm^^tif 20 

[0 0 6 1] 3WCH7*#JHLT* *«WKflk«3t5ajB 

[0 0 6 2] £©IfJ3fi«i, .fctJHRWfc&JgKfc 
ttS±fBlff 2HS&tfiJ©X F-;UfrJfflili©-fSft:£ffo 

[0 0 6 3] CI 3 ^Sfe0»JtC*5VTti, H7£^£ft 
S«fc5K, 7°ci-try+j-^77i>«, ^*ft»-rsi^ 
^-V-yi/ay^'J (I-cache ) 2 0 1 £ ; FXx-^T* 30 
I-cache 2 0 1 fr£ 4 7- FV^y^U © 4 0©f*jtf*-% 
Eft £ 7 x >y f - U D 7 r- ^t 5 4 O© 7 x -y ^ 2 nfc 
^MOf f -*fl^fl®tflWII«#H****L, E 
Xf-y*T^ilSi2 2 0. 2 2 1 , 2 2 2M2 2 

2 0 2 i: ; ^«S2 2 ORtf 2 2 1 fr5{R*&$nS 
^CtoT, EXf— S?T»JWBWIi(WRtf^tU 7 
FUXtffffcHfrf Sl&SiftJfa- >y h (ALUO&tfALU 
1) 2 0 3RZf 2 0 4 £ ; ALU02 0 3&tfALUl 2 0 4fr 
£©nvy FEfoTE ^T-S^fiftOSftJMetT? 40 

fcn>(ommmmmm2 ost: aluo2 0 3&imui 2 0 

4 5> © 7 * -fe 7 $ n § r '- * % ftH 1" 5 tt tb © f ! - 7 
+ t7->a^€'J (D-cache ) 2 0 6 t \ ^{MaB2 
2 2 *^i^ft5^«oTE Xr-^T^ft'Mi 
^«DiPM»*fi : ^fcii>(D»J«tnSg§ (FADD) 2 0 

7 1 ; ^m^B2 2 3^6«aesn*i8^cteoTE 

SE§§ (FMUL) 2 0 8 £ ; FMUL2 0 8 *^03V> FKft 
o T E *x-^T&»/^»j£0l^*fT? fci6©».F 
ftjSttffig (FDiv) 2 0 9t; flrt^fra-y H 2 0 2 50 
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-7h2i0t; ftfcBM** h^-yTMMfctfX F — 
;U$iJfflI%tT 5/cJ60$ffla- <y b 2 1 It; ALU02 0 
3, ALU12O40aj#*felftT5;fcft0fiSUS>;**7 
7-^71/2 1 2 i: ; FADD 2 0 7ROTMUL2 0 8©tfi^£*g 

[0 0 6 4] ±3ZRO0 4<D^2H»Jt|sHit, 07© 
7°a-fe«y+J->7s7A«, I-cache 2 0 1 Rtf D-ca 

che 2 0G\Z**?yi/^n%T—Z*Wfa?%>tz#><b 

t-jyt^v 2 i 4 1 ; i/ous?x**$tri/os 

H2 1 5i: ; >W>;>^D 2 1 4RtfI/0gg2 1 5 
%I-cache 2 0 1 D-cache \Z.W8tZ#2>^7M2 1 

6 fcfc^TLTVSo 

[0 0 6 5] im*.T\ E7©7 , n-t>y+J-^7rAtti:, 

I-cache 2 0 1 £^7.112 1 6 iCDfSfcSttSft 
* 71/7*3-^ 2 I7i; t9H*fgfT3.- > y F 2 0 2 
H*nTi/^Ixv ! 7.^7n7^-F[HlS§2 1 8fcjWB* 

[0 0 6 6] £1% CtOS3HSfifl»Jfc:43^SF5'y7'i: 

7 F-yKomifflijaato^Tiiwrso 

[0 0 6 7] -Iftfc, M?iW3U7°n-b-y+j->7xA 

#g9«&i/ff;i«#H{&© 3>'>xfy § o 

[0 0 6 8] x-^ffi^M«©3>^Xr>^^$tif-r 
SfcJ&Kfi, £frJIU1"fcD-»SBW&. S-»DIMfcRtfD 

-^DW?)rtoion:i)ft5*;®^«o llT\ d 
-» s mmt, *tsi^^*ifl^frott»*«iftt* u v 
-7*\ ifentT-r^^^tffii^n^y-xx-^ 
^K*^*n*yy-xfcra--e *srefii*3Vf„ s-» 

$ tfmfrriznz uv-xt act *^to c 

©la 7 ©g? 3 HM^fc'^TJi, r-^*S« u y-x 
t>\ L/^X^&tf^tU©20©M1iT-^ftU S#H 

©7-^ft#P^©3>^xxy^^fS'o^s^fei 1 o 

[0 0 6 9] SJffllffi#BB«t{4, 9c<Dftt&fai}t ; t(D'& 

<Dfirft£<Dffl<Dm&>v&& 0 ^*©vl iwgyyn-t-y 

U cof3 Hfifi0iJ©MWIia7'n-t: <y +J->7.r LX° 
I4 % a-+/-7 > n y 7 A(D*7"^i ^ F n y/^e U 7 
^SfefttSifSi'SSO'e, HiiJfflfe#llfS©a ^i/7 
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[0 0 7 0] C<D%3gMMK.i5^Xlt, fuUvVf 
x y ^©4 oOfUHMBTf-f y*-^-&JllJTT*H 

[0071] coflsasntwtfevTtt, rauvv-x 

&©/n-F7x7«, 2O(0ii^7'l^„ 

ffiftits 4rfmft3L-y h 2 0 2iaot*isn§^t 

[0072] i8^wi«(i*ieH , r*fc«)t, ^fiff 
a--y h 2 o 2\ai, ncy y-x^ffl-rsis-a-rs 

'V x >y ^©Bf {i^7 x >y f-©H#) 

t [S|Bf 1 7 x y ^£ rife 4 O<D#^<0^ffl U 7-X t » 20 

So *^Sfr3.-v h2 02 »X, D-»S MffiStf D-» 
D Hff $tttH? Sfc&Wl^yX^Xri 7#- FtUSS 2 1 
8t>fltjJtT43tJ, ^Ufn-^2 1 7fc<fcoTv~*S 
ftSS^-fcHiaLOO, l^X£X:3 7tf'-F[IIS§2 1 
8 K J: o TfctHS ft* 7*-* «#Hff Rtf W»«#Hff 
K^>TD^S&tfD->DM^ffiOilt testis DX 

ttfT>%% 0 S-»DB8ffifcoi,'>TfcJ\ V-Xbi/X^O 30 

y^-^-apBffTHfT^T-ra c tick ofitfcft 

So 

[0 0 7 3] El^ C0^3^llfififiajtt3V'T^ 2 00 
?< * <J 7 £ -fe XifH^ llBf E Hfrt S C i: rJh£T*& S 

!&Etf&3o ^fltfn.-7 h 2 0 2«DXr->'J:f) 

tu«i^if ^%ffi-<y h 2 0 2tii:n6 

C ft £ ©P^©£hx « MXf-'>*tSlil TjEfilt 
tttttt 6 n-f , Hl£©#ft © Rjfgtt^^ii S C £ rJh£ 

[0 0 7 4] X h-;l/»»K38^THu HffTtTti-ry 
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ffdo 

[0 0 7 5] ^— ft«0!f"TC)*ffS7lC*V'»T 

£ftSo fit, ALUl 2 0 4 fc ioTMXx- S^Uff* 

ns tv^ y 7 * -t x^ x tc ± s * * y 7 * * x a 

a** 1 *M *;Wf HrtfcirrT**&vM$fc (is ±EJB 2 

T\ cWt'JT^tX^X J^/hSi^FUX^W 
?%$!^Ztnft%7 L, 5S7 LfcffM*©S£ttipc 
^Mfr£ftSo ^©Stl^Hff^7X7— 7K33^S^ 
;l/-7°«tgi:tf^o d©^3^M!lt*5^Ttt, ALU02 
0 3&tfALUl 2 0 4 T'^^lRlBftCllffTS 
W^=-V h 2 0 2tt, ALU02 0 3 tfUHC * 9/Jv£V7 

F ux*#-r 5t^*^ff f * <t a *{W»*ff 5 ©1?, 
-r>^-^-aHtf^7^!I^nSo C©*^56fi3. 
-7F20 2t ±SMWc«fcoT, DXx— 7T*B^tb 

-rsch^T-t^t/^ty yy-xoffiffltiB-rstt^ 

[0 0 7 6] C©«*, Xh-;bS**fSLTV^i^ 
iD/jN^^7FtX^WrS^©*tco^T^77°7 

ALU0 2 0 3 7-©MX7-S>'MaA' i 1 ^;I/T*iH7T'f 
*^<fc 5 4*^. FADD 2 0 7 XtiFMUL 2 0 8 ©E2X7 
-^T'UfT^nS^JilOI/^T h77 7©Rltgtt^5^ 

t [wi«tciifli-r s c i: ^wrtgTS So 

[0 0 7 7] ^frHtfn.r:>y h 2 0 2(i % ^t'J 

•yi/a^ty%^trt twrsRSDv rauuv-xoffi 

ffltWrs^1-SS*©564SS^«r-5tt#HfM 
C©»3HflfitW©7 , D-fey-y->XrAtt 
RISCirlRlDct -5 l/->fc>f$>S Tload, store J 7—^7 

j'faTSftffltsoT, racuy-^©fiMKH-r« 

mMtSfclblCli. TloadJ Rtf Tstore J iJM*<E>#* 
tiff ?t^T* So D-cache 2 0 6tttALU0 2 0 3 
RtfALU12 0 4ffl©*ffl^-h^feS©T% ALU02 0 3 
RtfALUl 2 0 4 © 1 Ofctt^D-cache 206^7^-feX 

UT^sffi^a, yy-x©jK^«jec6fti/"o at, 

TloadJ Rtf Tstore J liftt^t'J fcBIBt fc7* 
•bXtSK, il © 2 O©^*^ C7 

FU-XE7^-i2XL<fc-5 fcLTV^S*^K©*Saf8 

[0078] ^^y y y-xf^t±nfT^7x7-v >, t 

hj , h77^-U-Fj Rtf h77^- 

y©«7isfcnSo 
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[0079] mms-h^mi s^tiir, H7©gt 
3 mmm 1 43 «■ § x h w^smbi kkw-t « 0 

[0 0 8 0] C05B3fQfiWK::&^TH\ 

[0 0 8 1] MObusy 
Ml busy 

Imis (I-cache miss) 

FRbusy (FPUFA U^*#tii»jB^) 

FAexch (FADDW^x-y?) 

FMexch (FMULfflfl-^x'y^) 10 
FDexch (FMUL^f-x-y^) 
Fstall (3&SJXh-;W 

[0 0 8 2] MObusy, Mlbusy : ein5><D£77°<DX h— 

5c 20 
[0 0 8 3] Imis : tKE>£77°OX h— ;US^fS^S, 

j£#j©B#tC, 7-9--h*n«o 7,b-;WC©ImisXh 
-;l/S*k:J;-3Te<i-3fe«^©0i|*E8*^Hi 2K 
ST„ cilTli, ImisXb-^g^I^M:, fpc tffb 
Htttfn-FStl Tfpcen J %7ij—bZftXfrtE> 1 * 
P >y £ * ^Cf^tff^U^X £ 7 x v 72 ft 

[0 0 8 4] |38tt^7x-yf-Hft^+^-y'>i5 
Xt ±5Xh-;l'tffS£U;Mfr&*3sL'tV3. 30 

[0 0 8 5] [g9li^7x>yf L atlC^++-y^x5 
XtcJcSX h-;WxLftfe ~>X7A«£©ffi?)g^ 

[0 0 8 6] a 1 O&tfH^-^yi'x SXlCj^Xl — 

xfc ± § x h «t 13 tftlcfPftB LT^ 

5c 40 
[0 0 8 7] El 1 1 ltfafr7 x >y 7B# <D^*+ V '>x 
5 X K <fc 3 X h -;l/?b^-¥ y 7°#^<D 7' + > ~?9cV$G£. 

[0 0 8 8] Ell 2(±^fr>a$Xtj;§Xh- 
;l/E#-5 -v S/a 'J 7 -f >>> yTWilg;: o 

[0 0 8 9] FRbusy : C(D^ -C/<DXb-)lW:Mie^ 
It, FDIV2 0 9*VW7°7-ryOE2Xf— v-'lC^oTFM 
UL2 0 8fc£<DE2X7-^C&3B#£7+f-h£:ft FD 
\mft<D'W77<<>jm* 1 ■•M ^©IM* b-7T 50 
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SCfctioT, FMUL2 0 8 £FDIV2 0 9 H7©ff®j7 

[0 0 9 0] FAexch : FADD2 0 7 ©E1X7— vHo&V"' 
T> hvy^S40RTIiltt«<gSl?*ftVi:*, FADD2 
0 7 icfcttS/V y«BlttiB1»OFl5[*>6F2at 
FADD2 0 7 7©llfi : $*7X7-7y;M 
X7-^tC&3fc£> FADD2 0 7©E2RtJ : E3X7-7CQ 
F^fifiOa-y h©|||T^7X7-7£gS2-eT£T© 
a->y h#FADD2 0 7<DMX7-^i:|B|^Ft||ff^7X 
7-^fc^-r§i5 t-r§/£46tC N COFAexchX 

S£X] — ;U-r§ 0 ^CDi^^ClcDFAexchXh-;!/^* 

itictotx v-^tmc^m^tK mi 3t^?n 

Tfc'tK CCfS TfaddJ fit<ft t[S|H#K7 x >y 7£ ft/c 
TladdJ rfmulj ^©MSi:, ^W^K'7x'> 

7£ft5 TfaddJ TladdJ Rtf Tfraulj tfrtOgUltf 
TfaddJ ^©Mii©E2&tfE3X7-7T^fcX 

[0 0 9 1 ] FMexch : FMUL2 0 8 ©ElX7-7fc:fc^ 
T, h5-y^fiS4<DRl(Ktt36l<gST»#*l/^, FMUL2 

•flZftZo d©*i"n\ FMUL2 0 8T£DHtT^7Xr-v ; 
(iMXf-^ftSO^ ffi©rt-<y h©^|T$*7X7 
-7£2^7^WBE£^T±T©a-7 bffFMUL2 0 
8 OMXf- *Jt [S|Bf tHfr^7X-r— 7lCii"f" 3 <£ 5 
tCtSfc&K, COFMexchX b— ;l/E#ff**7 , 9-— h 
T5t fcfc<fc^Tflfi©:i:=.'y hcj&afcx b-;l/f 
[0 0 9 2] FDexch : FDIV2 0 9 ©E1X7- S^CftV 
T s b^>y7m©W*#g£T*t&l,>i§£\ FDIV2 
0 9T©A7777yj«7 H#©Dlilfr5D2Sfc:& 
5. COfl^, FDIV2 0 9-e©HfTro7Xr-2>H:MX 
f-^tft^Ot, ffiOrL- >y h©H^7X7-v ; % 
FDIV2 0 9#E3X7-^MilT5jia®£-eT±T(D 
a->y h^FDIV2 0 9©MX7-7£|I]0#f;:ilfi : 5 ! E7X 
§J;5 fr§fc46lC, £©FDexchX b-;l/ 
g3RM^*7*J— hT5Ci:tcj;oTfficDa--y h©«a 
a%Xh-;l/f5 0 JKDi^acOFDexchXh-^S* 

43(3, Tfdivj ^il|p|BflC7x yfJtlftW Tiad 
dj Rtf TfaddJ OfflSfi, ^ TfdivJ ^3X7-^ 
%ii3flf 5*1?X h-;I/£ftSo 
[0 0 9 3] Fstall : dcD^^7°©X 
ti, UtT^Xx-^tulC^-v -y 5 X "J <D 

[0 0 9 4] HI 5^68178, COS3HSfieyiCfc 
It 5 X I — ;l4fflcD £ 7 5 > 77 -v - b (DWI^t „ 

[0 0 9 5] El 1 5 <D# << iCtS^T it. 

N #g©-9"7 ^;l/7ALU0 2 0 3CDMX7-7tC$J^T 
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n & - 7a ?\ + ^ ^ a 5 x u # ^ u ©a x ^ - h -r 

§c -7a, FMUL 2 0 8 fcO^T h 7 -y 7°fiS£cO RTflgtttf 
S£2n&l^©t\ FMexchfg^7-9--h?fL, stalll 
fi^&tfstall2{g^7+J-h£ft5<, . 
[0 0 9 6] N+2 mBWJZMClS^rit, ALU0 2 0 

7o\ FMUL 2 0 8 &$|yt££i;&fro fc<D-eFMexcMI^« 
-y-l-?n5„ LfrU stalll{i^RO : stall2fi^«: 
%f£7-y-YZtlT^%(D-r:\ FMUL 2 0 8 d^Ttt^T 10 

[0 0 9 7] N+4 SgcD+M^'Wcfc'^TH:, ALU02 0 

3 to^t+ -v >y n 5 x u u saa*" 5 £ <D+M ^ 

cDfc*, stalll{i^Rtfstall2{§^&^y-h£n&co 
T\ {ti3<D£TcO:i->y hT<Dmftt>^J~?:% % 

[0 0 9 8] ZLTmmc, N+5 *gcO+j-7X;l4c}3^ 

[0 0 9 9] El 1 6 0^-l'5>'yf-^-hii:fc'l/>Ttt, 20 
^Ha- >y l-TcOtfr^OT FPX&, ALU02 0 3 <AL 
Ul 2 0 4 fiOFMUL 2 0 8 <ALU1 2 0 4 <FADD 2 0 7 

cO+MXMC&^TALUl 2 0 4(DMXr-v ? Tl^tiJ$n 
T, Mlbusyfg^^T-9— h$tl§-7aT\ ^-v-yi^S 
XUv^i>»^X*-hir3 0 -77 h7"y7°fg£<0 
RTtBtt^FMUL 2 0 8 £Ol^T§£-et&^C>T\ FMexch 

mm^TV— b$n, staiiHs^Rtfstaimi^T+j- 

[0 1 0 0] N+2 SgcO+TV^WCfc'^Tte, ALU1 2 0 30 

4 o I ^ T * -vy v' i 5 x u * ^ u aia * s M s ft £ - 

7a, FMUL 2 0 8 ttWI^jg;: 2&frofccD7-FMexchff^ 
ttr.f-F?n§„ CCDB#*T;\ stall2{g^«;^-f- 
^n§cDT'ALU0 2 0 3&tfFMUL2 0 8TOlffa^7t 
sUlll{f^tf3;£T+j--b£ftT^3cO-C\ FA 
DD2 0 7<9HfT&5r7-££&l\ 

[0 1 0 1] H+4 Sg^+M^WC&^-ni, ALU12 0 
4 (coi^T^-vy i/i5XU*^^U^SA' ! c:(D + J--('^;l' 
fft^7T-t§OT\ Mlbusyft^^r-y-h^ni.., C 
CDfctf), stalllfS^tt-y-h?n5«T:\ FADD2 0 7 40 
<DHfi^7 T* 1 £ £ 5 £ % 3 o 

[0 10 2] fLtltt, N+5 #l<D1+'f*;HC*^ 
T, ^T«D#^iD^T^7*n-r^5o 

[0 1 0 3] 0 1 7<D^^5>^f-+— hlCfel/->TH, 
N #g<D+j-^^;WCfcl/>TALU12 0 4 CDMX-r-^T* 
■v y ->a5XtfM?nt, Mlbusyfl^^r+t- h £tx 

-7a, F77 ^^(DnJtgtt^FMUL 2 0 8 (CO^TSS 
T-t^^OT-, FMexchfB^*'!7+i--b$n, stallHPf 
Rlfstall2{i^7+j--b£ft3 0 50 
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[0 1 0 4] N+2 #aG0+J-7^;WCfc-i^T&, ALU1 2 0 
4toi/^*fy^a5X l J*; ! !yj!!il!!)^7L, Mlbu 

syfi^^y-h^n, sgco+M^xkio- 

tO|utON+l SgtD+J-^^^tJs^T, FMUL2 0 8A^J 
ftli&Z. -Zftfr-D fccDTFMexchfg^- ^r- 1- £ft§ 0 
C OBf j&T\ stal 1 lfg^fRtfstal Wmm^-f- b £ft 

§ co t^t (D^cDmn^j t» 1 5 i a t * 5 o 

[0 10 5] CCDHSHSffiWc&tf^stalllff^, stal 
12{i^St?FRbusyjf ^^ffl V^fcX h -;1/MtMfflfcfS C 
/c^JQ ! aX'r-> ? T-<D#^W7 o v7y(D5aatOV>T0 

[0 10 6] cojBaHSfiWfcfevTH:, iflr^rK* 

^xh-A^nfdit ^co®a(±, AW^t^ 

HfT ©RRfciB CofcfctKTsK-hSftS t>\ S t & < 
£1*kfirfi1fiQmt&o 01 8tfc^T, BU&T'n-fe-y 

++i/X7 : -AcD§$n ! an.->y ncaaw-enfe^tta- y h 

[0 10 7] iWc, £<O£3&Si0!lfcJ:3fc, z/Xf-L. 
OX a «y XJSrMfccDffiT 3 «fc 3 -iM */W#RS 

9BMM7u -b >y +J- ~>X f »«f 5 C t imi& t * 
[0 10 8] 

h 5 y 7° i: X h -;I/co$(J|»5aa^Rltg* t OT*S !3 , X 

-^-x * v 7°n -tr <y ymvmimmfv -b 7 +J" 5/ X 

/rAKfcl^Tv'X'r i©7D >y ^fljft»*fiT*** C 
i:*<h^-y7°i:Xh -;HEHWIl* «fc t) «j*WEf? 3 c 

[HScDffi#^SiB^] 

[0 1 ] *^tf^5M?iJMa§U7°n-h-y++^Xxi,co 

m i $ffim<o7u vtmr+ftZo 

[0 2] 01 cDM?iJ5aa^7°n-b-y++S/XrAt*5^§ 

[03] 02 1 c07°P^7AC0^TBtt h7^7°S^ 
4L:fc±I^cO0 1 CDM?iJ®aSJ7 0 D-b>y+j-S/XTAlCj3 

[0 4 ] C ft 5 M^JSaaS 7° n -b -y +J- ^> X f A (0 

[0 5] 0 4 CDM?iJMa§y 7a-b<y++i/X7A TUff $ 
n§ 7°n AO-ffll*^ 0 -?&3o 
[0 6 ] 0 5 CD7°D 7*7L><DmmHZ 7SMW£ 

1:^^(00 4 coM?ij®agy7°D-b<y+j-i/x7Atcfctt 

[0 7 ] W £ ft § M^JMiliy 7°n -fe -y +> i/X 7 A CO 
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[0 8] 0 7 <DmMW!M7v-te •y-y-^T.xAtfelt 
5, i^4^-y^5XfcJ;3Xh-/l/0H^^-f0 

[09] 07 ©M»I§y7 0 n^y ^XrAt&tt 

[01 0] 0 7€>M?iWSya-b>y-tj-S/X7 L i,tfett 
3 , -v y i/ a 5 X t «fc S X h - ;I/OgiJO— fl»J*S 

[011] 0 7<DM»lS7°a^-y^Xf-Ak::fcW- 10 

[01 Z] H7<!)iW!I«B^!^o-by9-S/^rAt»tj- 

[013] 0 7^M?iJ®a§y7°o-tr-y9-^XT-Alcfc'lt 
§ , FAexcht «fc 5 X h -/KD— 0!l £ 5 > ^ f- + 

[01 4] 0 7OM?iJ®iIS7'D-t-y-tj-^Xf-At*Jtt 
Ik FDexcht «t5X h-Zl/O-fiJ^^f^'t' 5 20 

[01 5] 0 7OM?»I§y7°D-t:-y^i/X7 : -AtcJ3tt 

[01 6] 0 7OMyiJMSS7 o D-t-y9-i/Xx^tcfcnt 

[01 7] 0 7O^'JffliaSl7 o u-t-y^i/X7 L A^fcnt 
-h-pfeS. 30 

[01 8] m7(Dmmmm7°u-tvVzsxTKiciot,f 
x h-Mij«a^5fri.^^W7°^^>«Msss 

[019] e*<z> h77 :rajfP^*JB^fcttairas 

7°D-fe-y+J->'X7 L A(D7*D'y^0t?fe5o 
[0 2 0] 01 90t£*OiftJiJfflfflSyn-by-9-«>xr 

[02 1] it5UfflfflSaya-fey9-S/XrA-e*fi*n« 
7 P nyv2>CD-0J£^-r0T&5o 

[0 2 2] 0 2 1 <D7°n ^ vAOUff Bf tc b 5 -y 7°ES 40 
#£i;;fc»£-©B 1 9©My~iJffiIISJ7°n-t-y^S/Xf-A 

1 0 1 ^t'J 

1 0 1 A ^fyv-i^t'J 

1 0 2 T^H^rgfi^-'y h 
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1 0 2 A *MHfcfr:i-*y h 

1 0 3 SffifmlliH^n.- -y h 

1 0 4 ^l^a^^a- >y h 

i o 5 9ii/j«jabnins 

1 0 6 »»/J4»jSSIJIS 

1 0 7 ^€'J77-feXa-y h 

1 0 8 ^U77-feX:i--y h 

1 0 9 mh>\WL&MW- x 7^-7h 

1 1 0 ^S)/MS[^My1-f-x>y^rL->y h 

l l 1 •?;Vf*-hU^^7T'i';V 

1 2 5 2*-hf-^^€'J 

125A Z^-fr-^t-yv-a^t'J 

1 3 0 V7V~?WM\s*s7s$ 

13 1 7#— V 7 K UX V'JX $ 

132 h^yTTFbXbi/X* 

1 3 3 h7V~?mm^-y h 

1 5 1 MXx-^7°n?'^A#<7>? 1 

1 5 2 MXx-v ? 7°P^7Ayj7>'^ 2 

153 MXf- v>~-9'77 0 P^7A* , i7>^ 

154 MXx-i/lJ-7"7°D^7A* , j7y^ 

155 MXr-W7"P^7A*7y^ 

156 MXf-i 7 t7'7'o^7A* , )>^ 
15 7 f77 7°-r'-^4figP.->y F 

15 8 F 5 -y 7°{S^4^P-- -y F 

1 6 0 Wy<{y 

1 6 1 ^y^t'J 

1 6 2 I/OSB 

1 6 3 Xh-;U$iJlSa--y 1- 
20 1 flMM^yS'a^ty 

2 0 2 ^fgfTP-- -y h 

2 0 3 Hffiliaifilla-y F 

204 wmwm&fr=.y\> 

2 0 5 Sm^ggg 

2 0 6 Zt'-hf-^ + fyi/a^ty 

2 0 7 J?«J/J«iP^ 

2 0 8 J?ft/MJtj£i3IIJ¥ffi 

2 0 9 nm'mjmwss 

2 1 0 QfitT F I'X^a^y F 

2 1 1 Ifar-j/ F 

2 1 2 gSUi^^r-Ol/ 

213 »MW*X^77^^ 

2 1 4 ^-O^^&U 

2 1 5 I /0KB 

2 i 6 /^z^^y 

2 l 7 TWn-^* 

218 L^X^XnTtf-FlIISg 
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[02] 



133 



143 

u 



144 



1 



151 



MPC 



152 

r 

rape 



153 



L 



154 



1 jsub- I 
J Impel I 



sub- 
mpc2 



145 



155 



sub- 
mpc3j 



146 



rl56 

sub- I 
mpc4| 



147 



T 



7 



158 



157 



134 



CZ>- 



i4i cn>- 142 



140 



[05] 



[08] 



fpcenCalldecena; 



In-2 
In-1 

In fedd rrl,fr2,fr3 
In+1 load rl,r2,OX20 
In+2 load r4,rl,OX30 
In+3 fmul fr4,fr5,fr6 
In+4 

! 
t 
i 
i 





j *, 
* i 
/ i 


*P< 


:en(all<tecend) 

r 


FO 


DO i 




EO , 


MO 


WO 






Fl 




Dl; 


£1 


HI 






i 

t 

M 
/ 


, r 
f 



load I* 

i 

C tf I FO 



load lit , 
\$ lojld 18 

t 



C(f •) 
— > 

C(f) 
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[06] 



In 

In+1 
In+2 
In+3 



Fn 



Dn 



E (n) 
K fn+l) 



E (n+2) 



E (n+3) 



M(n) 

fe+2} 



M 



M 

M (n+3) 
E (n+4) 



(n) r 

w (n+i; 



w 



M (n+2) 



M (n+3J 
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